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Wilt-killed oak trees in a northern Illinois forest area. Dying of trees In
"pockets," as
illustrated here, indicates that a principal means of spread of the oak wilt
fungus from infected
to healthy trees is through naturally occurring root grafts.
Natural Availability of
Oak Wilt Inocula
E. A. CURL*
IN
the past 10 years, oak wilt, caused
by Endoconidiophora fagacearum Bretz,
has become increasingly important as a
destroyer of oak trees in the eastern half
of the United States. It was first described
about 13 years ago as a fungus disease in
Wisconsin (Anonymous 1942), but ear-
lier reports of dying oaks indicate that it
probably has been present there for the
past 20 years.
The American oaks, which number
about 300 species, are the most important
group of hardwoods in North America,
furnishing more native timber than any
other related group of broadleaved trees
(Finlay 1950). In 1948 the net volume of
saw timber in Illinois totaled 10.3 billion
board feet (King & Winters 1952). The
oak species total was 56 per cent of the net
board-foot volume. White oak accounted
for 21 per cent of the total, and black oak
and northern red oak each made up about
10 per cent. The esthetic as well as the
commercial value of oaks must be consid-
ered in evaluating the economic import-
ance of oak wilt. Oaks are prized highly as
both shade and ornamental trees.
No species of oak yet tested has shown
immunity to oak wilt (Kuntz & Riker
1950Z>). Other susceptible species of the
family Fagaceae are Casianea mollissima
Bl., Chinese chestnut; C. dentata Borkh.,
American chestnut ; C. sativa Mill., Euro-
pean chestnut ; Lithocarpus densifiorus
Rehd., tanbark oak; and Castanopsis sem-
pervirens Dudley, bush chinquapin (Bretz
& Long 1950, Bretz 1952«, Ernst & Bretz
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1953). Once infected, trees in the red oak
group die rapidly, most of them within 6
weeks. Trees in the white oak group may
die slowly over a period of 1 to 3 years.
Since 1942 oak wilt has been reported
from 18 states. The results of aerial sur-
veys (Fowler 1951, 1952, 1953) con-
ducted by the United States Department
of Agriculture, Division of Forest Pathol-
ogy, since 1951 and various individual re-
ports (Bretz 1949, Carter \950b, 1952,
Cummins 1949, Elmer et al. 1953, Fergus
& Morris 1950, French & Christensen
1950, Strong 1951, Wysong 1949, Young
& Bart 1951) indicate a considerable in-
crease in wilt in most of these states.
In Illinois the disease was first noticed
in 1942 (Carter 1950fl). By the end of
1952 it had been found in 54 of the 102
counties in the state. Most of the coun-
ties that are still free of the disease are
located in areas where oak timber is not
abundant.
The threat of oak wilt was recognized
early in Wisconsin (Anonymous 1942,
Henry et al. 1944) and in Iowa (Dietz &
Barrett 1946, Dietz & Young 1948),
where some of the first research on the
disease was conducted between 1942 and
1948. In 1950 the National Oak Wilt
Research Committee (Anonymous 1950)
was organized at Memphis, Tennessee, for
the purpose of supporting research pro-
grams in co-ordination with several uni-
versities and with the United States De-
partment of Agriculture, Division of For-
est Pathology. Such programs have now
been developed in most of the states in
which oak wilt is found.
The studies reported herein are in-
tended mainly to supply information con-
cerning the availability of oak wilt inocula
and the relative importance of Illinois en-
vironmental conditions at different times
of the year on the longevity of the causal
[277]
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fungus in nature. It seems that such infcr-
mation would be applicable in findinji the
means of spread of the disease beyond root
graft distances and in selecting and de-
veloping ettective control measures.
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REVIEW OF LITERATURE
A short time after the cause of oak wilt
was established as a fungus (Anonymous
1942), the conidial stage was named
Chalara quercina by Henry (1944), Later
Bretz (1951, 1952Z') succeeded in pro-
ducing perithecia of the fungus in labora-
tory cultures and named this stage Endo-
con'.diophora fagacearum. Symptoms of the
disease have been adequately described by
various workers (Henry & Moses 1943,
Henrv et al. 1944, Henrv & Riker 1947,
Riker 1948. Young 1949).
In 1949 Kuntz & Riker (1950^) dem-
onstrated local spread of the disease from
diseased to healthy trees through natural
root grafts. The means by which the
pathogen is transmitted beyond root graft
distances has not been determined. While
transmission through root grafts is highly
important in parts of the Midwest where
the disease has become well established, it
does not appear to be the primary method
of spread in states such as Pennsylvania
(Fergus 1953) and Ohio (Young et al.
1953). There many isolated single-tree in-
fections occur, indicating long-distance
transmission by a spore-carrying vector.
For a decade following the identifica-
tion of the causal fungus, the form of its
fructification in nature was not known. In
the summer and fall of 1951 Curl et al.
(1952) discovered mycelial mats of En-
doconidiophora fagacearutn under the
loose bark of diseased oak trees in Illinois.
Endoconidia were present in large num-
bers on these mats. A little later Stessel
& Zuckerman (1953) discovered the ascig-
erous stage on mats in nature. Reports of
endoconidium- and perithecium-bearing
mats in other states (Barnett et al. 1952.
Campbell & French 1953, Morris Si. Fer-
gus 1952, Staley & True 1952) indicate
that this type of growth is common on
wilt-killed oak trees. The implication of
the possible importance of mats in serving
as reservoirs of inoculum from which the
unknown vector or vectors might spread
the disease is readily understood. C url et
aK (1953) described the thick, sclerotium-
like pad that usually occupies the center of
the mycelial mat, and they succeeded in
producing a similar structure in labora-
tory cultures. Zixkerman & Curl (1953)
presented proof that the pad is a growth
form of E. fagacearum and showed that
single cells from laboratory-grown pad>
were capable of continuing growth.
There are many physiological agents
that affect the ability of fungus spores to
germinate (Gottlieb 1950, Hawker 1950,
Lilly & Barnett 1951, Wolf & Wolf
1947). Temperature and moisture have
received more attention than other factors
since they influence both the germinability
of spores and the infection of the host.
Many workers (Anderson et al. 1948,
Heal'd & Gardner 1914, HeaM & Stud-
halter 1915, Ling 1945. McCrea 1931,
Rosen & Weetman 1940) have shown
that spores of various fungi usually remain
I
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viable longer under comparatively dry
conditions than when kept moist, and the
resistance of the spores to extremes of tem-
perature is greater under dry conditions.
Heat may aftect reproduction by hasten-
ing the fungus to maturitv (Lillv i!S: Bar-
nett 1951).
Weather conditions are known to influ-
ence the incidence and relative prevalence
of some plant diseases by influencing the
availability of inoculum in the field. Ling
(1945), working with stripe rust of wheat
in China, found that the amount and dis-
tribution of rainfall in late winter and
spring are most important in determining
rust epidemics. On the other hand, An-
derson &: Rankin (1914) found that win-
ter conditions have little effect on the via-
bilit}' of pycnospores of Endothia para-
sitica.
Wilkins (1938) stated that the age of
the spore is probably the most important
single factor influencing germination of
ascospores of Ustulina vulgaris. By mak-
ing collections of ascospores and conidia of
L'. vulgaris at intervals during the autumn
and winter, he showed that the spores soon
lose the power to germinate.
Henry (1944) found that the oak wilt
fungus grew best within a range of 24 to
28 degrees C. Young (1949) found the
optimum range to be 22 to 26 degrees C.
The optimum pH range for growth was
found by Barnett & Lilly (1952) and
"\'oung (1949) to lie between pH 5 and
pH 7, and to have limits at pH 3 and pH
9. ^ oung obtained maximum germination
of conidia on agar of low dextrose content
at 25 to 30 degrees C. Henry obtained
best germination of conidia in 1.25 per
cent malt solution at 24 degrees C. Little
previous work has been reported dealing
with germination requirements of asco-
spores of the fungus. Bretz (1952^)
found that the ascospores germinated rap-
idly in 2 per cent dextrose solution at 25
degrees C. Stessel & Zuckerman (1953),
using ascospores taken in October from
naturally occurring perithecia, obtained
30 per cent germination in 2 per cent dex-
trose solution at 25 degrees C.
The availability of oak wilt irocula un-
der natural conditions and the effects of
environmental conditions on longevity of
the fungus have received some attention.
McLaughlin (Sc True ( 1952) reported sur-
vival of conidia of the oak wilt fungus for
173 days on a glass surface when kept at
10 degrees C. in controlled low relative
humidities. The survival period was much
shorter at temperatures above 25 degrees
C. Jewell (1953) found that low tem-
peratures and low relative humidity fa-
vored the longevity of ascospores of the
oak wilt fungus /// vitro. Curl (1953)
reported that the greatest concentration of
viable, naturally occurring conidia and
ascospores of the oak wilt fungus in Illi-
nois was found during ALirch, April, and
May. Young (1949) demonstrated in
Iowa that the fungus lives over winter in
trees that become infected late in the sum-
mer. Young & Spilker (1952) in Ohio
failed to obtain the fungus from lumber
that had been cut from wilt-killed oaks
and piled during the summer, but isolated
the fungus from large twigs, slabs, and
stump wedges for a period of 3 weeks.
Bretz & Morison (1953) found that the
survival of the oak wilt fungus in small-
diameter infected twag samples is relatively
short at temperatures of 20 to 25 degrees
C. and above. Fergus (1953) reported
the presence of mycelial mats of the fungus
in nature in Pennsyhania from INIarch
through November, except in April and
July. Morris & Fergus (1952) noted the
appearance of mats in early March and
found them to be viable a month later.
They also observed that two mats collected
in May continued to produce new peri-
thecia and ascospores for approximately 2
months when kept at 8 degrees C. in a
moist chamber. Campbell & French
( 1953) found mycelial mats of the fungus
in Minnesota in November after 2yo
months of drought.
The possible significance of mycelial
mats of Endoconidiophora fagacearum in
relation to transmission of the disease has
been discussed by various workers. Curl
et al. (1953) noted the presence of insects,
w^hich belonged to three families, beneath
the bark of all mat- bearing trees exam-
ined in Illinois. Some larvae and adults
were seen in direct contact with the fun-
gus. True et ah (1952) pointed out that
mycelial mats might serve as natural res-
ervoirs of oak wilt inoculum. Craighead
<S: Morris (1952) observed more than 20
species of beetles, flies, and mites on mats
of the oak wilt fungus. Morris & Fergus
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( 1952) in Pennsylvania found evidence of
insect and rodent feeding on mycelial mats
and pads. Himelick et al. (1953) in Illi-
nois and Campbell 5c French (1953) in
Minnesota also reported considerable dam-
age to the fungus pads by rodents. Birds
and air currents have received little atten-
tion as possible agents of transmission.
The only known practical controls for
the oak wilt disease at the present time
consist of interrupting root graft systems
(Kuntz & Riker 1950df) between healthy
and infected trees and the practicing of
sanitation and eradication (Dietz & Bar-
rett 1946, McNew & Young 1948,
Young et al. 1953) in oak wilt areas.
Hoffman (1952), after investigating oak
wilt chemotherapy, reported that several
chemicals showed promise in their effec-
tiveness against the pathogen under experi-
mental conditions.
FIELD METHODS
Selection of Trees
Wilt-infected oak trees used in these
studies were selected in late September,
1952. They consisted of 19 red oaks,
Quercus borealis Michx. f., 9 black oaks,
Q. velutina Lam., 1 bur oak, Q. macro-
carpa Michx., and 1 white oak, O. alba L.,
in five major oak wilt areas in the northern
half of Illinois where oaks had been dying
for several years. These areas were in the
Forest Preserve District of Cook County
near Chicago; a privately owned 100-acre
tract in Ogle County 8 miles south of
Rockford ; Sinnissippi Forest near Ore-
gon ; Detweiller Park at Peoria ; and a
privately owned 50-acre tract, in Mason
County, 10 miles east of Havana. For
convenience the study areas will be re-
ferred to as the Chicago, Rockford, Sin-
nissippi Forest, Peoria, and Havana areas.
The total of 30 trees marked for study
is a relatively small number compared
with the number of wilted trees in all
study areas. However, because of the
thorough examination given each tree se-
lected and the intensive study made of each
mat collected or sampled, a larger number
of trees could not be considered. Mycelial
mats were collected from a few trees other
than those marked for study. These were
designated as miscellaneous mats, and they
were added to the total number studied.
Table 1 shows the kinds and diameters
at breast height of trees that were selected
for study in each area. The diameters
ranged from 8 to 40 inches.
All trees selected for study had been
naturally infected and had wilted in 1952
between June 12 and August 25. The in-
itial examination of these trees showed
that, in all but three, the trunks were com-
pletely sound, the only lethal sign being a
slight brown characteristic streaking in
the sap wood ; the bark was very tight and
appeared no dififerent from that of healthy
trees. The three trees mentioned above,
designated as C-2, R-8, and R-9, were
more advanced in their decline than the
other trees. On these the bark was very
Table 1.—Wilt-killed oak trees chosen for study in five areas of Illinois. Size of trees is
({iven in inches d.b.h.
Chicago
Area
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Fig. 1.—Examining a wilt-killed oak tree for
mycelial mats.
loose, and the condition of the wood ap-
peared to be slightly bejond the optimum
for mat development. These trees had
wilted early in June.
Examination of Trees
Both standing and felled trees were
studied. Five trees, four red oaks and one
black oak, were felled to determine the
ability of the fungus to fruit on felled tim-
ber. The remaining 25 trees were left
standing so that a study might he made of
their natural decline and the development
and deterioration of mycelial mats under
natural conditions.
Examination of the standing trees to
heights of 20 to 55 feet was facilitated by
ladders, fig. 1, constructed on the trunks
with green oak slabs obtained from a saw-
mill. A lineman's safety belt, usually with
a one-half-inch rope attached, was used as
an added safety precaution. Climbing
spurs were not used because of the treach-
erous nature of loose bark on dead trees.
The ladders facilitated thorough examina-
tion of the entire main trunks of trees with
relative ease and provided safe positions
from which some of the lateral branches
could be examined.
As excessive removal of bark might have
caused infected trees to dry out before
mats had a chance to form, these fruiting
bodies of the fungus were located at first
only by tapping the bark. This proved to
be a surprisingly accurate method ; in
nearly every spot where the bark gave a
dull, hollow sound when tapped, a mat
was present. After trees have been dead
for some time, of course, the entire trunk
surface may produce a hollow sound.
However, on trees that have reached this
stage, few if any new mats will form.
Many mats can be located merely by find-
ing cracks in the bark, fig. 2, but these
cracks are often so narrow that they are
overlooked.
Classification of Mycelial Mats
The fruiting structure of the oak wilt
fungus as it appears in nature consists of
a light to dark grayish tan, sparse to dense
mycelial felt, in the center of which lies a
thick gelatinous pad. The mycelial felt
with its central pad are referred to to-
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Fig. 2.—Typical crack in the bark of a wilt-killed oak tree. The crack resulted from
growth of a fungus mat beneath the bark.
gether as a mycelial mat. The mat varies
in size from 1 by 1 cm. to 48 by 14 cm.
The central pad is elongated oval to ellip-
tical, dull green to black in color, and has
a daedaloid surface. It is pseudoparen-
chymatous in structure and is usually free
of visible loose mycelium.
The following arbitrary classification,
based on the stage of development or de-
cline, was given to the mycelial mats ex-
amined in the study reported here. A mat
of each class is shown in fig. 3.
Class I. An immature or fresh mat, still
in the rapid growth phase, with mycelium
light tan or buff in color and having a
firm, light- to dark-colored central pad
which shows no sign of decline.
Class II. A mature mat, with mycelium
and central pad beginning to darken
slightly, the pad being firm and showing
no definite signs of deterioration ; vege-
tative growth appearing to have ceased or
nearly ceased.
Class III. An aging mat, with mycelium
and central pad becoming darker, the pad
beginning to shrink or crack slightly from
drying; showing other definite signs of
aging but not deteriorating.
Class IV. A declining mat; mycelium
and pad very dark or black, usually with
only parts of the pad remaining intact
;
showing definite signs of rapid decline.
Class V. A deteriorating mat and pad,
having lost nearly all consistency and hav-
ing been reduced to a mass of dry, or wet,
black soil-like material.
Methods of Field Sampling
Trees in the five study areas were thor-
oughly examined twice each month from
October 1, 1952, to July 31, 1953. Some
mats were examined and, after being sam-
pled, were left on the trees. Others were
removed from the trees and taken to the
laboratory for study. Still others were
tagged and left undisturbed for various
periods of time. Metal picnic boxes
equipped with ice containers were used for
storing and transporting collected mate-
rial from the field to the laboratory.
When the ice containers were kept filled
with ice, the temperatures of the boxes
were maintained below 16 degrees C, usu-
ally between 5 and 12 degrees, even during
the hottest days of summer. The time
I
June, 1955 Curl: Oak Wilt Inocula 283
that the material was kept in the iced pic- located, a square or rectangular area ex-
nic boxes between the point of collection tending slightly beyond the outer limit of
and treatment in the laboratory never ex- the mat was marked off by driving a sharp
ceeded 5 days. chisel through the bark. The bark was
Mats were sampled on the trees in the then lifted easily and cleanly from the
following manner. After a mat had been wood, and the mat beneath was exposed.
[_Class lY
Fig. 3.—Mycelial mats of Ejidoconidiop/iora fagacearum representative of condition classes
arbitrarily established on the basis of mat development and decline: class I, immature; class
II, mature; class III, aging; class IV, declining; class V, deteriorating.
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The size of the mat and its approximate
distance from the ground were recorded.
Three disks of mycelium, each 7 mm. in
diameter, were cut from the mat with a
cork borer. One disk was taken from the
periphery of the mat, one from the edge
of the central pad, and a third from a
point approximately halfway between the
other two. When perithecia were present,
four additional disks, each 7 mm. in diam-
eter, were taken with the cork borer from
within the perithecium-producing "band"
on four sides of the pad. Also, a small
cross section of the central pad of each mat
was taken with a knife. The cork borer
and the knife blade were washed in alcohol
and flamed before they were used in sam-
pling a mat or pad.
The three mycelial disks were placed in
a sterile, 4-ounce glass bottle that con-
tained moist filter paper. The perithecium
samples taken from each mat were placed
in the bottle with the mycelial disks from
the same mat, but they were kept separated
from the mycelium by folds in the filter
paper. The pad samples from each mat
were kept in a separate bottle for later de-
termination of viability of inner cells. All
bottles were stored in the iced picnic boxes
for transportation to the laboratory. After
samples had been taken from a mat, the
bark was carefully returned to its original
position and nailed down securely with
small nails.
Whole mats were removed from trees
with a chisel in such a manner that with
each was a piece of the wood beneath, ap-
proximately one-half inch in thickness.
The mats were placed separately in Lind-
lerie plastic film bags, most of them two-
thirds quart size. These bags were then
closed with small rubber bands, to hold in
the moisture, and placed in an iced picnic
box.
Not all mats were sampled or collected
when found. As it was suspected that the
lifting of bark over a mat might hasten
deterioration or drying of the fungus, some
mats were tagged and, for various periods
of time, left undisturbed. At 2-week in-
spection intervals the bark was removed
from these mats, several mats at each in-
spection, and the condition of each com-
pared with the condition of mats of the
same age which had been sampled and left
on the trees. The lifting of bark from
mats, and replacing it, did not noticeably
hasten deterioration of the mats.
Wood and Bark on Forest Floor
It has been shown (Curl et al. 1952,
1953) that the thick mycelial mats of
Endoconidiophora fagacearum develop on
wood and bark pieces cut from wilt-killed
oaks in the mat-producing stage and dis-
carded or placed on the forest floor. There-
fore, this type of growth must be consid-
ered as one of the possible sources of inoc-
ulum from which the disease could be
spread.
The mat-producing stage of a wilt-
killed tree may be described as the period
of decline of the tree during which the
bark is moderately loose and the wood be-
neath is light reddish-brown in color and
has a strong amyl acetate or ripe fruit
odor characteristic for the fungus. Pre-
liminary tests showed that the ability of
the fungus to grow out of the wood and
form macroscopic growth is closely re-
lated to the presence of the ripe fruit odor.
As wilt-killed trees in the study areas
reached the mat-producing stage, pieces
of bark and wood measuring approxi-
mately 4 by 8 inches (the wood about an
inch thick) were cut from the trunks
where the ripe fruit odor was present.
The bark and the wood were separated.
The pieces of bark were placed, inner sur-
faces down, and the pieces of wood were
placed, outer surfaces down, on the forest
floor in shaded places. New pieces were
cut and laid down about every 2 weeks
from November 1, 1952, to July 1, 1953,
until the trees had deteriorated to such an
extent that they ceased to have the odor
that indicated presence of the fungus.
Mats that developed on these pieces were
sampled in the same manner as those on
trees.
Insect Collections
Insects found on mycelial mats were col-
lected at the same time that the mats were
sampled. Adults and larvae were placed
in small vials and temporarily stored in
the metal iced picnic boxes. Mats that
were examined and left on the trees af-
forded a month-to-month opportunity to
study insect populations occurring on mats
of all ages. The influence of certain spe-
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cies of insects in hastening the dedine of
mats in nature was followed closely.
Weather Data
An attempt was made to relate average
monthly temperatures and precipitation
with conidial sporulation, perithecium
formation, viability of spores, and general
mat deterioration. Weather data were
obtained from records of the United
ner. A water suspension of conidia was
prepared from a 7-day-old culture of En-
docoiiidiophora fagacearum and adjusted
to approximately 300,000 spores per ml.
Circles were made with a wax pencil on
the outside bottoms of Petri dishes con-
taining 2 per cent water agar. One drop
of suspension was placed on the surface
of the agar within each circle, and each
of the dishes was subjected to one of the
Table 2.—Germination of conidia of Endoconidiophora fagacearum at various centigrade
temperatures on 2 per cent water agar.
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Fig. 4.—Germination of conidia of Endoconidiophora fag.acearum on 2 per cent water agar
at five temperatures.
the surfaces of the media as described for
the 7-day-old culture above.
Germination of naturally occurring co-
nidia was slightly higher on the dextrose
agar at 28 degrees than on water agar at
the same temperature. However, on dex-
trose agar, the count was confused by the
production of secondary conidia after 30
hours, and the contaminants made very
rapid growth, further confusing the
counting of germinated conidia.
Ascospores from laboratory cultures
I
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Table 3.—Germination of ascospores of Endoconidiophora fagacearum at various centi-
grade temperatures on 2 per cent water agar.
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Fig. 5.—Germination of ascospores of Endoconidiophora fagacearum on 2 per cent water
agar at seven temperatures.
40 60 80
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00
Fig. 6.—Germination of ascospores of Endoconidiophora fagacearum on 2 per cent dextrose
agar at seven temperatures.
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of three sides of each mat from the edge
of the central pad to the periphery of my-
celial growth. Each group of three disks
was placed in a 10-ml. water blank and
thoroughly crushed and shaken. The
number of conidia in 1 ml. of suspension
was then estimated, and the spores were
germinated on water agar. The average
number and per cent of germination of
spores from each three-disk sampling were
compared with the number and per cent
of germination of conidia from other
three-disk samplings on the same mat.
The approximate number of spores
found on the four mats ranged on differ-
ent mats from 280,000 to 1,300,000 in
1 ml. of suspension, and the germination
rate ranged from 13 to 41 per cent. In no
case was the difference in the average
number of spores between any two sam-
plings of the same mat greater than 40,-
000, and the difference in germination
rate did not exceed 5 per cent. It seems
unlikely that such differences would be
significant. Therefore, it is believed that
representative samples were obtained by
the method employed in these studies.
Transporting Samples
As it was necessary to store collected
samples of the fungus at low tempera-
.\J y^
Fig. 7.—Mycelial mat of Endoconidiophora fagacearum grown on sterile oak wood in
wheat bran broth.
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tures for several days in transferring them
to the lahoratory. the question arose con-
cerning the possible efifects of such tem-
peratures on spore germination. Mycelial
mats of Eridoc'tiiidiophora fagacearum
were grown in the laboratory in the fol-
lowing manner. Oak wood pieces meas-
uring about 3 inches by 0.5 inch were
placed on end in 250-ml. Erlenmeyer
flasks which contained a wheat bran broth
(8 gm. of wheat bran in 75 ml. of water).
The bran broth was steam sterilized, and,
when it was cool, a few drops of a spore
suspension of the fungus were placed in
Fig. 8.—Germination of pad cells and conidia of Endoconidiopliora fagacearum. A. Group
of gernriinating pad cells producing abundant endoconidia, X125. E. Small germinating pad cell
producmg endoconidia after 12 hours at 22 degrees C, X650. C. Four germ tubes extending
from a single pad cell, X800. D. Germinating pad cell with abundant sporulation after 48
hours at 28 degrees C, X650. E. Secondary sporulation by germinating conidia after 48 hours
at 25 degrees C, X800.
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each flask. After 2 weeks at 25 degrees,
one-half to three-fourths of each wood
piece was found to be covered with a
dense mat of mycelium free from the
broth, fig. 7. In this laboratory test,
methods of field sampling and storing
were duplicated as nearly as possible.
Disks of mycelium were taken from some
pieces with a cork borer and transferred
to moist filter paper in sterilized 4-ounce
bottles. Whole pieces were placed in bags
of plastic film and closed tightly with rub-
ber bands. Some bottles and bags were
then subjected to a temperature of de-
gree and some to a temperature of 16 de-
grees. For checks, germination counts
were made of spores taken from some of
the mats before treatment.
After 7 days, germination counts were
made of spores in the test material. It
was found that storage at and at 16 de-
grees had no harmful effects on the spores.
The germination rates were slightly
higher for material stored at either of the
two test temperatures than for the checks.
Since the storage temperatures for field
material were always within the range of
to 16 degrees for a period of time not
exceeding 5 days, no serious fault could
be seen in the storage methods used.
Germination of Pad Cells
Zuckerman & Curl (1953) showed
that single cells isolated from laboratory-
grown mycelial pads of Endoconidiophora
fagacearum are capable of producing typ-
ical cultures of the fungus on potato dex-
trose agar. Their finding suggested the
possibility that pads on naturally occur-
ring mats might constitute one of the
sources of inoculum.
During the summer and autumn of
1953, pad cells from mycelial mats that
had been collected from wilt-killed oaks
were used in making germination tests.
The surface of each pad was cut away
with a flamed scalpel, and a small portion
of the interior was removed and crushed
thoroughly in a sterile water blank to form
a suspension of separated cells. Drops of
the suspension were placed on the surface
of 2 per cent water agar in plates and in-
cubated at 25 degrees.
Good germination was always obtained
with cells from the pads of immature
(class I) mats in 30 hours. Commonly
one or two germ tubes, and frequently
four or five, were produced on a single
cell, fig. 8C. The germ tubes branched
prolifically, forming typical conidiophores
which produced endoconidia abundantly,
fig. ^A, D. Cells of all sizes, from 12 by
15 to 45 by 60 microns, germinated read-
ily. The germination rate was in some
cases as high as 87 per cent.
Germination of pad cells from mature
(class II) mats was obtained only occa-
sionally, and no germination of pad cells
was obtained from mats in the more ad-
vanced stages of decline. The number of
pad cells that appeared to be collapsed or
plasmolyzed was greater in pads of ad-
vanced condition classes than in pads of
classes I and II. Most deteriorating pads
consisted of mycelial fragments, bacteria,
and spores and hyphae of fungi other than
Endoconidiophora fagacearum.
The temperature requirements for the
germination of pad cells in vitro were de-
termined and compared with similar re-
quirements for germination of conidia and
ascospores. A suspension of cells was pre-
pared from the interior portion of a pad
taken in September from an immature
mat on a wilt-killed oak. Drops of the
suspension were planted on the surface of
2 per cent water agar in Petri dishes and
each dish subjected to one of five incuba-
tion temperatures: 8, 15, 22, 28, and 34
degrees. Counts of 200 cells for each
temperature were made at intervals of 12
hours.
The highest germination rate of cells
was 71 per cent at 22 degrees after 60
hours, table 5. Good germination oc-
curred at 15 and 28 degrees, fig. 9.
Among cells incubated at 8 degrees, ger-
mination did not begin for 36 hours.
Among cells subjected to 34 degrees of
temperature, germination did not take
place during the 60-hour period, nor later
when the temperature was changed to 22
degrees. Production of conidia by the
branches, or conidiophores, of the germ
tubes occurred in 12 hours at 22 degrees,
fig. ^B, and 28 degrees, and in 36 hours
at 15 degrees. Sporulation seemed to be
most abundant at 28 degrees, fig. 8Z).
The results of the foregoing tests indi-
cate that pad cells of Endoconidiophora
fagacearum have a slightly lower opti-
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Table 5.—Germination of cells from pads of mycelial mats of Endoconidiophora jagacearum
at various centigrade temperatures on 2 per cent water agar.
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At the end of this time the labels were
found to be half covered with a uniform
mycelial growth. To serve as a check, a
spore suspension was prepared with the
fungus from one label of each flask, and
the spores were allowed to germinate on 2
per cent water agar at 28 degrees for 36
hours. Eighty-three per cent germination
12 24 36
TIME (HOURS)
48 60
Fig. 9.—Germination of pad cells from naturally occurring mats of Endoconidiophora
fagacearum on 2 per cent water agar at four temperatures.
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Table 7.—Lonfjevity of conidia of Endoconidiophora jasacearum fjrown on sterile wood
labels and stored in 100 per cent humidity at various centigrade temperatures.
Number
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table 7. Spores in the dry atmosphere
were still viable after 250 days at 0, 12,
and 16 degrees, table 8. The gcrminabil-
ity of conidia from both the humid and
the dry atmospheres decreased with time
at all temperatures, figs. 10 and 11.
When the longevity and germinability of
spores stored in a dry atmosphere were
plotted (number of days on a logarithmic
scale), the decrease in germinability of
10 15
TIME (DAYS)
45 55 162
Fig. 10.—Germination of conidia of Endoconidiophora fagacearum stored at six tempera-
tures in a water-saturated atmosphere. The curves illustrate the effect of temperature and
humidity on longevity of the conidia.
10 20
TIME (DAYS)
Fig. 11.—Germination of conidia of Endoconidiophora fagacearum stored at six tempera-
tures in a dry atmosphere. The curves illustrate the effect of temperature and lack of humidity'
on longevity of the conidia.
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spores stored at degrees was represented
by a line that was nearly straight, while
decreases in germinahility of spores stored
at other temperatures were represented by
lines that showed abrupt decreases be-
tween time intervals.
Ten to 20 days after the last spore ger-
mination was observed, cultures of Endo-
cor.id'wphora fagacearum were obtained,
from mass transfers to potato dextrose
agar, of fungus from the labels that were
stored at 25, 31, and 34 degrees under
both dry and humid conditions. Possibly
these cultures resulted from a few still
viable spores that could have been missed
in the last germination test, or from some
other part of the fungus that might have
remained alive.
Treatment of Samples From Nature
Conidia.—Each set of three mycelial
disk samples that had been taken from
mats in the field was placed in a 10-ml.
sterile water blank and thoroughly
crushed and stirred with a glass rod to set
the spores free in suspension. The approx-
imate number of spores in 1 ml. of the
suspension was determined with a Spencer
Bright-Line counting chamber. This
number divided by 3 gave the average
number of spores in 1 ml. of water pro-
vided by a single disk sample 7 mm. in
diameter. The suspension was then ad-
justed to about 300,000 spores per ml.,
and single drops were placed on the sur-
face of water agar. The plates were in-
cubated at 28 degrees for 36 hours and
the per cent of germination determined
from a count of 300 spores. The mycelial
disks sometimes provided fewer than 300,-
000 spores per ml. of suspension, in which
cases the suspensions were plated in their
original concentrations, and as many
spores as could be found up to 300 were
counted.
Mats that were collected whole in the
field were sampled in the laboratory with
a cork borer, as described on page 284.
Approximate numbers of conidia and their
germinability were determined as de-
scribed in the paragraph above.
Perithecia and Ascospores.—Peri-
thecia were counted with the aid of a
glass slide, one end of which was marked
with black ink into several areas, each
measuring 6 mm. square. The slide was
placed on the surface of a mycelial disk
or whole mat and viewed through a binoc-
ular microscope. In the case of disk sam-
ples, counts were made of all perithecial
necks seen within two to four of the
square areas marked on the slide. In the
case of whole mats, similar counts were
made on each of four slides of the central
pad. The average number of perithecia
in a 6 mm. square area of surface was de-
termined for each whole mat and for each
mat represented by disks.
From each perithecium-bearing mat, ex-
uding masses of ascospores were picked at
random from about 15 perithecial necks
with a dissecting needle and stirred thor-
oughly in the well of a hanging-drop slide
which contained sterile distilled water.
Drops of the suspension were planted on
water agar and incubated for spore ger-
mination as described for conidia. Data
obtained are presented in the section titled
"Availability of Fertile Perithecia," be-
ginning on page 315.
Mycelial Pads.—Interior parts of all
pads and portions of pads that were col-
lected in the field w^ere transferred to po-
tato dextrose agar to determine the via-
bility of their cells. The plates were in-
cubated at 25 degrees for 7 days. The re-
sults are given in table 22.
Further Treatment of Mats.—After
the germinability of conidia and ascospores
was determined, approximately 100 mats,
involving all classes of condition shown in
fig. 3, were placed in plastic film bags
containing moist cotton ; about half of
them were stored at 12 and the rest at 16
degrees to determine their ability to re-
new vegetative growth. Renewed growth
occurred only occasionally around the
margins of immature mats and on parts
of the wood pieces that had no growth
previous to being stored. Most of the
mats were overrun rapidly by contaminat-
ing fungi and bacteria.
Twenty-eight immature (class I) and
mature (class II) mats were stored in the
laboratory to determine the longevity of
conidia and pad cells when mats are pro-
tected from natural environmental condi-
tions. Some of these mats were placed in
plastic bags with wet cotton and others
were wrapped in dry paper toweling.
They were then stored, some at 8 de-
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Table 9.—Longevity of conidia on mycelial
mats of Endoconidiophora jagaceartim placed
in dry storage at two centigrade temperatures.
Mat
No.
298 Illinois Natural History Survey Bulletin Vol. 26, Art. 3
3
C4
June, 1955 Curl: Oak Wilt Inocula 299
B
Fig. 12.
—
Carpophilus larvae feeding on Endoconidiopliora fagacearum. A. Portions of
laboratory-grown mycelial pad; left, without insects and, right, after exposure for 24 hours to
larvae. B. Artificially grown mycelial mats; above, without insects and, below, after exposure
for 24 hours to larvae.
the average monthly precipitation slightly
lower than in the three northern areas.
In most cases, trees that wilted in June,
1952, produced their first mats in 4 to 11
months, those that wilted in July pro-
duced their first mats in 5 to 10 months,
and those that wilted in August produced
their first mats in 8 to 11 months and con-
tinued to produce new mats for periods
of 1 to 4 months, table 10. Most trees
that wilted in June and July started
producing mats in the fall or winter fol-
lowing and they continued to form new
mats for 1 to 7 and 2 to 6 months, respec-
tively, before the wood became too old or
dry to support growth of the fungus.
Wilt-killed trees were found to under-
go a gradual decline between the time of
incipient wilt and the development of the
first mats. The first evidence that a tree
would soon be in the right condition for
mat formation was the appearance of
long, dark brown streaks in the sapwood,
usually in a narrow strip along one side
of the trunk. In some trees this strip
started near the base of the trunk and be-
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came progressively narrower higher up,
in others it appeared first at the top of the
bole and progressed downward, and in
still others it started at top and base at
the same time. In some trees, the brown-
ing of the wood occurred in a spiral man-
ner on the bole; with time the brown strip
became gradually wider and was followed
by loosening of the bark. Two to 5 weeks
later the strong characteristic odor of the
fungus could be detected. Usually at this
stage, mycelial mats formed in a few^ days
if weather conditions were favorable.
Several days prior to mat formation, a
uniform, very sparse, barely visible my-
celial growth was seen on the surface of
some of the odoriferous wood. When
pieces of this wood were removed and kept
moist at 12 degrees, pure cultures of En-
doconidiophora fagacearum appeared in 3
days. Frequently the first mats to form
on a tree followed the decline of the tree
so closely that the mats extended from
the brown wood under loose bark to the
adjacent green wood under tight bark.
In some trees, mats appeared first at
the base of the trunk, but, in many trees,
they appeared first at the top of the trunk
or on some of the large branches. How-
ever, as the top part of the tree declined
more rapidly than the lower part, and
soon became dry, in most trees a larger
number of mats formed on the lower half
of the bole. The distances at which 355
mats were located above the ground on
different trees in all areas were estimated.
Of this number, 3 mats were found be-
tween 6 inches and 1 foot above the
ground, 111 were located between 1 foot
and 10 feet, 133 between 10 and 20 feet,
64 between 20 and 30 feet, 33 between 30
and 40 feet, and 1 1 at heights of 40 to 50
feet.
The areas of loose bark on a tree could
be traced accurately by following the dull
sound given off when the trunk was
tapped lightly with a blunt instrument.
Where mats were present the dull sound
was pronounced, and close examination
revealed small cracks in the crevices of
the bark. However, not all cracks that
appeared in the bark of wilt-killed oaks
were the result of mycelial mat or pad
growth. Occasionally very small cracks
were found, beneath which the odor of
the fungus was strong but where no mats
or pads were visible. When the bark of
these places was lifted, replaced immedi-
ately, and nailed down securely, abundant
mycelial growth of Endoconidiophora
fagacearum developed within 2 weeks.
This experience indicated that cracks may
precede mat formation. By the time the
pressure created by mats growing beneath
the bark is strong enough to crack the
bark at crevices, the bark has been con-
siderably weakened. During a period of
rapid growth in the spring, many pads
pushed the bark out so far that small
pieces of the bark were dislodged, leav-
ing portions of the pads exposed to the
outside. The sizes of cracks in the bark
seemed to vary according to the sizes of
the mats beneath. In some instances, the
combined effects of two mats, one below
the other, caused very long cracks to form.
The longest crack of this type found meas-
ured 3 feet.
The trunks of trees examined in the
mat-producing stage did not always have
the fungus odor distributed uniformly
over the wood. In most trees in this stage,
the odor occurred in small, scattered areas
along the bole, the wood between these
areas having none of the odor. When pieces
of wood cut from areas with strong odor
were placed in a moist chamber at 16
degrees, abundant mycelial growth of the
oak wilt fungus appeared in 3 to 5 days.
Wood that was taken from adjacent areas
without odor did not produce any visible
growth when treated in this manner.
Mats normally formed on the wood
surface or on the surface of the inner bark
of trees, but several mats were found
which had developed entirely within the
inner bark. These were typical mats with
central pads, the largest measuring 18 by
6 cm.
Mats on Felled Trees
Five wilt-killed trees selected for study
of the development of mycelial mats on
cut timber were felled at different times
of the year. Tree H-4 (Havana area)
was felled on September 23, 1952; tree
P-6 (Peoria area) on October 21, 1952;
tree R-8 (Rockford area) on November
3, 1952; tree R-7 on December 16, 1952;
and tree R-6 on May 5, 1953. Trees H-4
and P-6 were felled in an early stage of
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decline, while the wood was still green
and the bark very tight. The other trees
had already started to produce mats be-
fore they were cut.
Tree H-4 did not produce mats at any
time. The bark loosened very slowly, and
the fungus odor could never be detected
in the wood. Tree P-6 did not produce
mats until late in March, 1953, 5 months
after it had been felled. Thirteen large
mats were found on this tree up to May 5,
after which no new mats were found.
Twenty mats were found on tree R-8 at
the time of cutting, and 14 additional
mats appeared over a period of almost 5
months. The last mats to form on this
tree were found on March 23, 1953.
Tree R-7 had 10 mats when felled and
produced only 1 more, which was found
on April 21, 1953. Tree R-6 had 7 mats
2 weeks prior to being felled, 23 mats
were present at the time of felling, and
only 2 developed while the tree lay on the
ground, these appearing in the early part
of June, 1953.
After trees, whether felled or standing,
ceased to produce new mats, the fungus
sometimes could still be isolated from
wood where the characteristic odor per-
sisted. Where this odor could no longer
be detected, the fungus could not be iso-
lated.
Stimulation in Mat Production
Environmental Conditions.—From
the time of the initial appearance of mats
on a tree to the time when no further
mat development occurred, the number of
new mats varied from month to month.
As each of the 30 trees used in these stud-
ies was examined every 2 weeks, all new
mats that had formed since the previous
examination were counted and tagged,
fig. 13. It is believed that few, if any,
mats with cracks* were missed ; mats with
cracks too small to be seen were located
by the bark-tapping method.
The data in table 10 show the numbers
of new mats found per month on individ-
ual trees, the total number of mats found
on each tree during the 10-month study
period, and the total number found per
* Except where otherwise specified, all mats included
in these studies were typical mycelial mats with cen-
tral pads and associated with cracks in the bark of in-
fected trees.
Fig. 13.—Wilt-killed oak tree, 10-inches
d.b.h., marked with tags to show positions of
mycelial mats. This tree was in a study area
in northern Illinois.
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Fig. 14.—Monthly mean temperature and total precipitation, both shown as deviations
from the annual means, and the numbers of mycelial mats of Endoconidiophora fagacearum
found on wilt-killed oak trees in five Illinois study areas, October, 1952, through July, 1953.
The bars illustrate the possible influence of monthly temperatures and precipitation on the
numbers of mycelial mats of Endoconidiophora fagacearum produced on wilt-killed oaks. For
temperature in October and precipitation in May there were no deviations from the means.
month on all trees. It can be seen from
these figures that mat development was
greatly accelerated during April, May,
and June. Some of the mats that were
found in July were small and dry ; many
of them consisted only of pad material.
They were found by removing bark from
the trees. None of these undeveloped
mats bore conidia of Endoconidiophora
fagacearum.
Fig. 14 suggests the influences of
monthly temperature and precipitation on
mat formation. The average tempera-
tures for May and June, respectively 16
and 22 degrees, approached the optimum
temperature (about 25 degrees) for
growth of the fungus. The maximum
temperatures were 32 degrees in May and
40 degrees in June ; each of these oc-
curred on a day near the end of the re-
spective month. Although the average
temperature for July was only 24 degrees,
a number of days during the month had
maximum temperatures of 35 degrees.
Thermometer readings showed that the
temperature under the bark of wilt-killed
oaks in unshaded areas was frequently as
high as 40 degrees. During the winter
months the highest average temperature
for any month was 9 degrees, which is too
low for rapid growth of the fungus. The
total monthly precipitation for the five
study areas during the winter months was
generally below the annual mean, but
during the spring and summer it was av-
erage or above.
The ripe fruit odor associated with En-
doconidiophora fagacearum was most no-
ticeable during May, probably because of
the presence of a large number of mats on
the trees. Only at this time of the year
could the odor be detected clearly at a dis-
tance of 10 feet from the trunks of mat-
bearing trees.
Wounds.—The development of mac-
roscopic mycelial growth of the oak wilt
fungus was sometimes stimulated by
wounds made through the bark of trees
that were in or nearing the mat-producing
stage. This type of growth, noticeable
only during March, April, and May in
the study areas, was first seen late in
March on tree R-7, which had been felled
in December. Where small areas of bark
had been cut from trees with an ax 2
weeks previously to check on the condition
of the wood, dense masses of fresh myce-
lium had developed from the edges of the
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cuts to distances up to 2 feet back under
the intact bark. Such patches of mycelium
sometimes measured as much as 8 inches
in width.
Wound-stimulated mycelial growth
was most prevalent during April and
May. On any tree that had the fungus
odor beneath the bark, macroscopic growth
could be induced to form merely by lift-
ing a section of bark and immediately
nailing it back in place. From the trunk
of felled tree R-7, six pieces of bark, each
measuring approximately 8 by 12 inches,
were lifted. On two of the areas from
which the bark had been lifted, the bare
wood was covered with thin plastic, and
the bark was replaced and nailed down
securely. On two other areas, the inner
bark surfaces were covered with plastic
and nailed back over the wood. On two
other areas the bark pieces were only lifted
and immediately nailed back in place.
On the areas where the wood was cov-
ered with plastic, abundant growth of
Endoconidiophora fagacearum appeared
within 2 weeks on the under side of the
bark only. Two weeks later this growth
was old, but still no mycelium had formed
on the plastic-covered wood beneath. On
the areas which had the inner surface of
the bark covered, growth appeared on
both bark and wood, more abundantly on
the covered surface of the bark than on
the wood. On the areas where bark was
simply lifted and replaced, good growth
occurred on both bark and wood surfaces.
Similar results were obtained on felled
tree R-8 and on several standing trees.
Wounding not only stimulated free
mycelial growth, but it also often hastened
the development of typical mats with pads.
For typical mats to appear adjacent to
previously made cuts was common during
April and May. In many cases the pads
pushed the bark out at the edges of the
cuts, exposing the mats to the outside.
Also, mats appeared first on some trees
at points where large nails had been
driven through the bark in the process of
building ladders on the trunks. These
observations indicate that mat formation
is stimulated by additional air from the
outside.
Mats on Bark on Forest Floor
From November, 1952, through July,
1953, 213 bark pieces and 128 wood
pieces were taken from wilt-killed oaks
and placed on the forest floor in four
Fig. 15.—Mycelial mat of Endoconidiophora fagacearum formed on a piece of bark from
a wilt-killed oak while the bark lay on the forest floor.
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study areas. Mycelial mats, fig. 15, ap-
peared on only 17 of the bark pieces, table
11. The first such growth known to ap-
pear was found on March 24; the last
in the early part of April. No visible my-
celium of the oak wilt fungus tormed on
the wood pieces at any time. This ab-
sence of growth on the wood is not ex-
plained, as it was shown earlier by Curl
et al. (1953) in Illinois that mats of En-
doconidiophora fagacearum developed on
both bark and wood on the forest floor.
All pieces of bark that produced a visible
growth of fungus had been placed on the
ground 2 weeks before the fungus ap-
peared. Most pieces on which the fungus
was not visible after 2 weeks were very
dry or were overrun by other fungi. Wood
and bark placed on the ground after April
dried too rapidly to allow the fungus to
develop, at least in visible amounts.
Decline of Mats
The rate of progress of mycelial mats
from the immature stage to a deterior-
ated condition varied considerably accord-
ing to the time of year when the mats ap-
peared, table 12. Most immature mats
found during November, December, and
January required 70 to 84 days to reach
a stage of deterioration. Mats that were
found in the immature condition during
February, March, and April became dete-
riorated in about 42 days, and mats that
formed in May, June, and July declined
very rapidly, sometimes requiring less
than 14 days for complete deterioration.
Table 11.—The development of mycelial mats of Endoconidiophora fagacearum on bark
and wood pieces that were taken from diseased oaks and placed on the forest floor.
Month
(1952-1953)
Bark
Number of
Pieces
Number With
Mats
Wood
Number of
Pieces
Number With
Mats
November
December.
January.
.
February.
March
April
May
June
Total.
11
20
22
20
40
27
21
21
213
4
13
17
20
14
14
9
22
13
14
11
128
Table 12.—The rates of development and decline of mycelial mats of Endoconidiophora
fagacearum appearing on wilt-killed oaks; as indicated by the condition classes of the mats at
14-day intervals, the rate of development and decline of each mat was influenced by the month
in which it first appeared.
Month Mat
Appeared
Condition Class* of Mats on Designated Number of Days After First
Appearance
Days
14
Days
28
Days
42
Days
56
Days
70
Days
84
Days
November.
December.
January. .
.
February.
March. . .
April
May
June
July
II
II
II
III
II
II
II
V
V
III
III
III
IV
III
IV
V
IV
IV
IV
V
V
V
IV
IV
IV
IV
V
V
•Condition class I, immaturf; II, mature; III, aging; IV, declining: V, deteriorating.
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As field trips to the oak wilt areas were
made only every 2 weeks, many mats that
were found during the summer were al-
ready in the more advanced stages of de-
cline when first seen.
Mycelial mats that developed on trees
in March, April, and May as a result of
stimulation by wounds made through bark
followed essentially the same rate of de-
cline as typical mats produced in these
months. Mats that formed on bark pieces
on the forest floor dried rapidly, and some
of them disappeared entirely within 2
weeks.
Table 13.—Numbers of mycelial mats of Endoconidiophora fagacearum on which individual
species of insects were found in the 10-month period October, 1952, through July, 1953. Figures
within parentheses indicate the numbers of mats examined.
Insect Group Number of Mats With Insects
Family
Anthocoridae
.
Blattidae. . . .
Brenthidae. .
Buprestidae.
.
Carabidae. .
.
Colydiidae.
.
.
Cucujidae.
Collembola (order)
,
Curculionidae
Elateridae
Histeridae.
Mycetophagidae.
Nitidulidae
Orthoperidae
.
Ostomidae
Rhizophagidae.
Scolytldae
Staphylinidae.
Tenebrionidae.
Trichoceridae
Genus and Species
Lyctocoris stalii
Parcoblatta sp
Eupsalis minuta
Agrilus bilineatus, larvae. .
Pristodactyla impunctata.
. .
AnloniiDn parallelopipeduni
.
Bothrideres geminatus
Synchita parvtila
Silvanus bidentatus
Uleiota dubia
Pandeleteitis hilaris
Ampedus nigricayis
Elater sp
Paromalus bistriatus
Platysoma lecontei
Litargus sexpunctatus
Carpophiliis sayi
Carpophiliis sp. (1)
Carpophilus sp. (2)
Carpophiliis sp., larvae
Colopterus truncatus
Coloptenis semitectus
Epuraea iimbrosa
Epiiraea terminalis
Glischrochilus obtusus
GUschrochiliis sangiiinolentus
.
Glischrochilus sp., larvae
Other nitidulid larvae
Molamba Jasciata
Molamba ornata
Tenebroides laticollis
Rhizophagus bipunctatits
Monarthrum fasciatum
Monarthrum mali
Xyloteriniis politus
Atheta sp
Boletobius quaesitor
Coproporus ventriciilus
Philonthus laetulus
Staphylinid larvae
Tachinus sp
Cynaeus angustus
Platydema ruficorne
Trichocera sp., larvae
Q
3
3
1
8
2
3
1
10
5
1
1
27
4
1
2
2
4
3
17
19
1
11
18
3
3
29
4
53
2
1
2
61
45
2
17
4
1
37
38
34
4
12
32
4
43
42
4
2
14
6
10
11
23
71
12
5
6
12
3
4
3
11
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Insects Associated With Mats
The possibility that several insects
which are often associated with the fruit-
ing mats of Endoconidiophora fagacearuni
might spread oak wilt inoculum to wounds
of healthy trees was pointed out by Nor-
ris (1953) in Iowa and by Dorsey et al.
(1953) in West V^irginia. These workers
obtained mechanical transmission of oak
wilt under experimental conditions with
several species of the Nitidulidae. Gris-
wald & Neiswander (1953) in Ohio sug-
gested that the pomace fly, Drosophila
Table 14.—Numbers of mycelial mats of Endoconidiophora jagaceartim in five condition
classes* on which individual species of insects were found in the 10-month period October,
1952, through July, 1953. Figures within parentheses indicate the numbers of mats examined.
Family
Anthocoridae.
Blattidae. . .
.
Brenthidae. .
Buprestidae.
.
Carabidae. . .
Colvdiidae. .
.
Cucujidae.
Collembola (order)
,
Curculionidae
Elateridae
Histeridae.
Mycetophagidae.
Nitidulidae
Orthoperidae.
Ostomidae
Rhizophagidae
.
Scolvtidae
Staphylinidae.
Tenebrionidae.
Trichoceridae
.
Insect Group
Genus and Species
Lyctocoris stalii
Parcoblatta sp
Eupsalis minuta
Agrilus bilineatus, larvae . . .
Pristodactyla impitnctata. . .
Aulonium parallelopipedum
.
Bothrideres geminatus
Synchita parvula
Sihanus bidentatus
Uleiota dubia
Pandeleteius hilaris
Ampedus nigricans
Elater sp
Paromaliis bistriatus
Platysoma lecontei
Litargus sexpunctatus
Carpophilus sayi
Carpophilus sp. (1)
Carpophilus sp. (2)
Carpophilus sp., larvae
Colopterus truncatus
Colopterus semitectus
Epuraea mnbrosa
Epuraea terminalis
Glischrochilus obtusus
Glischrochilus sanguinolentus
.
Glischrochilus sp., larvae
Other nitidulid larvae
Molambafasciata
Molamba ornata
Tenebroides laticollis
Rhizophagus bipunctatus
Monarthrum fasciatum
Monarthrum mali
Xyloterinus politus
Atheta sp
Boletobius quaesitor
Coproporus ventriculus
Philonthus laetulus
Staphylinid larvae
Tachinus sp
Cynaeus angustus
Platydema ruficorne
Trichocera sp., larvae
Number of Mats With
Insects
U U
3
11
7
3
11
1
1
12
2
25
2
1
2
13
12
2
6
1
18
8
13
1
5
1
12
18
3
2
9
3
3
2
9
28
5
3
2
2
1
2
U
4
12
5
3
2
11
2
15
38
26
1
1
13
1
2
7
24
15
1
2
2
1
1
13
2
2
2
11
1
7
2-*;
3
17
19
1
11
18
3
3
29
4
53
2
1
2
61
45
2
17
1
4
37
38
34
4
12
32
4
43
42
4
2
14
6
10
11
23
71
12
5
6
12
3
4
3
11
•Condition class I, immature; II, mature; III, aging; IV, declining; V, deteriorating.
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melanogaster, which, like the Nitidulidae,
is attracted to mycelial mats of the oak
wilt fungus and to bleeding wounds on
healthy oak trees, might be a vector of
oak wilt. In the study reported here,
many other insects were found to be asso-
ciated with naturally occurring fungus
mats. From October, 1952, through July,
1953, at least 40 species of insects belong-
ing to at least ZZ genera of 19 families
(exclusive of Collembola) were collected
from mycelial mats on wilt-killed oak
trees in Illinois, tables 13 and 14.
Insects associated with mats are not
only potential vectors of oak wilt, but
they play other roles that affect the life
Fig. 16.—Insect activity on naturally occurring mycelial mats. A. Adults of Gliscfirocfiilus
ohtusus and larvae of Carpophilus sp. have completely destroyed this mat. B. Bark beetle
(Scolytidae) and freshly made hole in fungus mat. C. and D. Holes made through perithecium-
bearing mat and pad on wood and bark by adults of the Scolytidae.
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Fig. 17.—Damage inflicted by squirrel or squirrels to the bark of an oak tree and the
underlying mycelial pad of Endoconidiophora fagaccarum.
cycle of the fungus. The destructive
feeding habits of some of these insects,
particularly the NitiduHdae, on labora-
tory cultures of Endoconidiophora foga-
cearum were mentioned earlier, page 297.
Also, the role of some insects in the de-
struction of mats in the field was ob-
served, fig. XbA.
During the spring three immature
mats, which had no insects on them when
examined, were covered with clean plastic
covers so that no insects could reach the
fungus; then the bark, which had been
removed for the examination, was re-
placed over the mats and nailed securely
to the trees. Three other immature mats,
which had several individuals of both
Glischrochilus obtusus and Colopterus
truncatus present, were covered in the
same manner.
The mats on which no insects had been
seen remained in good condition for be-
tween 4 and 6 weeks, after which con-
tamination by bacteria and fungi other
than hndoconidiophora fagacearum was
evident. The mats with insects present
declined rapidly, reaching a stage of com-
plete deterioration in 2 weeks. It was
observed that, throughout the spring and
summer, mats infested by large numbers
of NitiduHdae deteriorated rapidly. Dur-
ing the winter months, when insect activ-
ity was low, mats lasted much longer.
Another role in which insects may be
important is that of spermatizing mats
with conidia of opposite compatibility
groups, as shown experimentally by Leach
et al. (1952) with two species of Niti-
duHdae and one of Orthropidae. Any of
the species of insects listed in table 13,
or even mites, might conceivably perform
this role.
At least 3 of the 40 or more species of
insects that were found on mats were
present during each of the winter months
as well as in the spring and summer, table
13. Several species were prevalent in
October and November. During the cold
months of January and February only 3
species w^ere constantly associated with
the mats ; these were adults of the order
Collembola and Glischrochilus obtusus
and larvae of Carpophilus sp., which were
usually present in large numbers through-
out the 10-month period. Although Car-
pophilus larvae were often found embed-
ded in ice on the mats, many of them sur-
vived and, on warm days, fed on the fun-
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gus. In winter months, Glischrochilus
obtusus was present usually only in small
numbers of 1 to 10 per mat.
In April, large numbers of adult Scoly-
tidae were seen running over the bark sur-
face or making holes through the bark of
diseased oaks that were near the mat-pro-
ducing stage. Later, in May and June,
many holes made by these beetles were
seen in the wood and bark of most of the
mat-bearing trees. It was common to find
several holes extending through mycelial
mats beneath the bark, fig. 165, C. Many
of these holes had been made directly
Fig. 18.—Mats of Endoconidiopliora fagacearum on which unidentified fungi hav
all but the central pads.
e overrun
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through the central pads, fig. 16D, and
some beetles were found embedded there.
Insect activity on mats was greatest
during April, May, and June, when more
species were found than in any other
months. Very few fresh mats were found
in July, and insects were seldom found on
them.
Few attempts were made to determine
exact numbers of insects on mats. Mem-
bers of the families Nitidulidae, Staphy-
linidae. and Histeridae, and of the order
Collembola, obviously were much more
abundant than any of the others. Ap-
proximately 75 to 100 adult Nitidulidae
and as many larvae were commonly seen
on a single mat. Members of the Staph-
ylinidae and of the Collembola, which
are much smaller than the Nitidulidae,
were even more numerous. Adult insects
were found most frequently on class III
and class IV mats and larv^ae on class IV
and class V mats, table 14. Insects were
seldom present on immature mats, as the
cracks in the bark over such mats usually
were very narrow, barely perceptible
openings that could admit only the small-
est insects. Small individuals of the Niti-
dulidae were often seen making unsuccess-
ful attempts to squeeze through these
openings. The fact that immature (class
I) mats are not so strongly odoriferous as
are mats of the mature and aging classes
also may account for the presence of
fewer insects on the younger mats.
Other Agents Associated With Mats
Agents other than insects may have
been responsible for hastening the decline
and deterioration of natural reservoirs of
inoculum. Feeding by rodents on mycelial
mats of Endoconidiophora fagacearum in
Pennsylvania was reported by Morris &
Fergus (1952). Squirrels caused consid-
erable damage to mycelial mats in Illi-
nois (Himelick et al. 1953) during the
winter of 1952-53, and new damage of
this kind, fig. 17, was seen in May and
June of 1953. The rodents seemed to
have been interested in only the central
pads of young mats, but, to reach the
pads, they had torn large holes in the
bark, exposing the fungus to other de-
structive elements, such as insects, wind,
rain, and other fungi.
During the summer months, the mat-
bearing trees were often exposed to the
direct rays of the sun, and temperatures
became very high under the bark. The
temperatures for one tree at 3:00 p.m.
on July 23, 1953, w^ere 32.5 degrees out-
side and 41.0 degrees under the bark on
the sunny side of the trunk, as determined
by actual thermometer readings. On the
shaded side, the temperatures were 29.5
degrees outside and 30.5 degrees beneath
the bark. No further mat production oc-
curred on this tree, and the fungus could
not be isolated from the wood. During
the winter months, mats were subjected
to alternate freezing and thawing. At
this time the mats often were continu-
ously wet for several days and finally be-
came slimy with bacteria and other micro-
scopic forms of life.
Many mycelial mats were found to be
overrun by wood-rotting fungi, fig. 18, ex-
cept for the central pad of each, which
seemed to repel invasion of these fungi.
However, the pads were readily attacked
by other fungi. Graphium, in particular,
throve well in aging pads, where it en-
tangled the pad cells in a thick mass of
hyphal strands and produced abundant
coremia and slimy masses of spores.
Other agents that were commonly asso-
ciated with the mats of the oak wilt fun-
gus but that were less destructive were
mites, nematodes, and Crustacea. Mites
were usually abundant during all months
on mats in all stages of decline. Nema-
todes of the genus Diplogaster* were very
abundant on old perithecium-bearing mats.
They infested the masses of exuded asco-
spores of Endoconidiophora fagacearum,
in some cases hundreds in a single mass.
These nematodes had oral openings that
measured about 5.6 microns, large enough
to admit conidia or ascospores of the oak
w^ilt fungus. However, attempts to en-
tice the nematodes to feed upon the spores
of the fungus on the surface of agar were
unsuccessful. Crustaceans of the species
Porcellio rathkei were sometimes found on
mycelial mats that had developed on bark
pieces on the forest floor, but they were
not observed feeding on the fungus of the
oak wilt disease.
* Nematode; were identified by Dr. M. B. Linford, De-^q
partment of Horticulture, University of Illinois.
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Sources of Data
A total of 629 mycelial mats of Endo-
conidiophora fagacearum were found be-
neath the bark of 27 of the 30 wilt-killed
oaks that were thoroughly studied over a
10-month period, table 10. The remain-
ing 3 trees, 1 standing white oak, 1 stand-
ing bur oak, and 1 felled black oak, did
not produce mats. Twenty additional
mats were taken from 4 red oaks that
were examined only once and that were
not included among the thoroughly stud-
ied trees. These 20 mats brought the total
number of mats found on 31 mat-bearing
trees to 649. The figure for mats includes
only typical mats with central pads accom-
panied by cracks in the bark.
The detailed data presented on the fol-
lowing pages were obtained from 365, or
56 per cent, of the total number of mats
found. Forty-three of these mats were
left on the trees, where each was resam-
pled at 2-week intervals until it reached a
deteriorated condition. The total number
of additional samplings* that were made
of the 43 mats on the trees was 100.
Thus, the data came from 465 samplings
of 365 mats, table 15. As each additional
sampling of a mat was made at a later
* A sampling involved taking three mycelial disks each
7 mm. in diameter from a mat, as described on page 284.
time than the one preceding and when the
mat was more advanced in its develop-
ment or decline, the data obtained from
this sampling were treated as if taken
from a separate mat. The figures in table
15 represent mats sampled in all five study
areas. More samples were taken during
the spring and summer than at other pe-
riods of the year, because more mats were
produced at that time. Also, more mats of
classes IV and V than of other classes
were sampled, as they were found more
often than mats of the other classes.
Availability of Conidia
The data regarding numbers and ger-
minability of conidia obtained from sam-
ples of naturally occurring mycelial mats
of the oak wilt fungus in their different
stages of development and decline during
10 months are presented in table 16. The
method of counting and germinating
conidia is described in another section,
"Treatment of Samples From Nature,"
page 296.
The average number of conidia per
mat, as determined from mats of all
classes, increased from October to Decem-
ber, 1952, at which time the highest con-
centration of the 10-month period was
reached, fig. 19. The concentration of
conidia then decreased steadily during a
period of low winter and spring tempera-
Table 15.—Numbers of samplings and average sizes (cm.) of mycelial mats of Endoconidio-
phora fagacearum in five condition classes* sampled in the 10-month period October, 1952,
through July, 1953.
Month
Class I
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turcs until April, 1^53, when a sharp rise
occurred with a rise in monthly mean tem-
perature. After April, the number of
conidia decreased again, as the monthly
mean temperatures increased, and no
conidia were found on mats that were
sampled in July. It is interesting to note
in fig. 19 that the peak in conidium con-
centration in December and a rise in
April were preceded by months in which
precipitation was above the annual mean.
The time of the highest average per
14r
^1 CONIOIA
I I TEMPERATURE
VTA PRECIPITATION
DEVIATIONS FROM
THE ANNUAL MEAN
PRECIP.
(INCHES)
OCT. NOV. DEC. JAN. FEB APR. JUNE JULY
TEMP.
CF.)
+4--+40
+3--+30
+2--+20
+ 10
2.5--48
-10
-2 20
-3 30
Fig. 19.—Monthly mean temperature and total precipitation, both shown as deviations from
the annual means, and average numbers of conidia (per ml. of spore suspension prepared from
three-disk sampling of each mat) obtained from samples of mycelial mats of Endoconidiophora
fagacearum, October, 1952, through July, 1953. For temperature in October and for precipita-
tion in May there were no deviations from the means.
Table 16.—Average number per mat sample* and per cent germination of conidia taken
from naturally occurring mats of Endoconidiophora fagacearum in five condition classesf in the
10-month period October, 1952, through July, 1953.
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Table 17.—Average number per mat sample* and per cent germination of conidia taken from
mycelial mats of Endoconidiopkora jagacearum in five condition classesf in five study areas in
the 10-month period October, 1952, through July, 1953.
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cent gerniiiiability of conidia taken from
mycelial mats during the lU-month period
did not coincide with the time of highest
concentration of conidia. The best aver-
age germination rate (39 per cent) was
obtained from conidia that were collected
in April, tig. 20. The next best germina-
tion rate was obtained from conidia col-
lected in November. A germination rate
as high as 80 per cent was not uncommon.
The number and germinability of conid-
ia that were taken from mats of the same
condition class did not vary unexpectedly
frt)m one study area to another, table 17,
All areas included in the study were in the
northern half of the state, and the dis-
tance between any two areas was not
greater than 165 miles.
Pronounced differences were found, in
the number and germinability of conidia,
between the mats belonging to different
condition classes, fig. 21. The highest
average numbers of conidia were obtained
from mature, or class II, mats. The high-
est average per cent of germination oc-
curred in conidia from immature, or class
I, mats. Both the number and germina-
bility of spores changed as the condition
of the mats advanced from class I toward
class V or deterioration.
The data dealing with number of co-
nidia on a mat were based upon esti-
mates of the average number of spores in
1 ml. of suspension prepared from a 3-disk
sampling of the mat. A rough approxi-
mation of the number of conidia on an
entire mat could be made by using figures
obtained from the samples. The number
of conidia in a mature mat which meas-
ured 12 by 5 cm. with a central pad which
measured 4 by 2 cm. was estimated as fol-
lows. The average number of conidia
from one disk of mat surface 7 mm. in
diameter (38 sq. mm.) contained in 1 ml.
of a 10-ml. water blank was 350,000
spores or 3,500,000 spores from the entire
disk. The area of the mat, after the area
of the central pad (which had few or no
spores) had been deducted, was 4,100
square mm. The number of conidia on
5 —
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z (rt 3O 3
o o
UJ cc
ffi Q
5 z 2
Z I
CONIDIA
GERMINATION
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40
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Fig. 21.—Average number and per cent germination of conidia of Endoconidiophora
fagarearum taken from mycelial mats in five stages of development and decline over the 10-
month period October, 1952, through July, 1953; class I, immature; class II, mature; class III,
aging; class IV, declining; class V, deteriorating.
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the entire mat was estimated as being ap-
proximately 378,000,000. Another mat
which measured 24 by 10 cm., the pad 6
by 2 cm., and which had the same average
number of spores on a disk sample as the
mat above, was estimated to have 1,650,-
000,000 conidia, more than four times as
many as the other mat.
From these figures one can appreciate
the significance of mat size as well as
numbers of mats in accounting for the
concentration of conidia in an oak wilt
area. It can be seen in table 15, which
gives the average sizes of all mats sampled
in each month, that the mats of May and
June were considerably larger than those
of other months. The sizes of the mats
sampled in all months ranged from 1 by
1 cm. to 48 by 14 cm.
As pointed out earlier, other possible
mycelial sources of oak wilt inoculum
might be afforded by the padless mycelial
mats that form on bark pieces on the for-
est floor and by wound-stimulated myce-
lial growth on standing and felled trees.
The conidial sporulation on such mats
and the ability of the spores to germinate
appear to be equal to those of typical mats
wirh pads, table 18.
Availability of Fertile Perithecia
The total number of mats found with
perithecia during the 10-month study pe-
riod was 90, or 23 per cent of 393 mats
studied in detail, table 19. Perithecia
were never present on class I mats. The
month with the highest percentage of
perithecium-bearing mats was December
and the next highest May.
Table 18.—Average number and ^erminability of conidia of Endoconidiophora fagaceantm
obtained from wound-stimulated mycelial mats and from mats on bark pieces on the forest
floor during 3 months of 1953.
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The averaj^c number of perithecia on a presented by months and by mat classes
mm. square area of mat surface and the in table 20. Some mature mats had many
average germinability of ascospores are young perithecia not exuding ascopores,
Table 20.—Avera({e numbers of perithecia on 6-mm. square areas of surface on perithe-
cium-bearinii mats of Endoconidiophora fagacearum in four condition classes* and per cent ger-
mination of ascospores in the 9-month period October, 1952, throujjh June, 1953.
Month
October. .
.
November
December.
January.
.
February
.
March. . .
April
May
June
Class II
n
32
25
30
14
8
31
5
0,0
27
t
t
36
t
Class III
28
86
5
35
48
38
U ^^
49
34
38
Class IV
1) u
50
16
42
5
3
42
16
Class V
-C-C
t
t
27
16
7
4
25
^S3
0,0
11
•Condition class II. mature: III, aging: IV, declining; V, deteriorating.
tBecause the surface w.is infested with nem.itodes, bacteria, and Graphium sp., it could not be told with certainty
whether the ascospores had germinated.
OCTOBER
NOVEMBER
DECEMBER
JANUARY
FEBRUARY
MARCH
APRIL
MAY
JUNE
10 20 30 40
NUMBER OF PERITHECIA
50 10 20 30 40 50
GERMINATION OF ASCOSPORES
(PER CENT)
Fig. 22.—Average number of perithecia on a 6-mm. square area of mat surface and average
per cent germination of ascospores taken from mycelial mats of Endoconidiophora fagacearum,
October, 1952, through June, 1953.
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Table 21.—Per cent of mats of Endoconid-
iophora fagacearum with perithecia, average
number of perithecia on a 6-mm. square area
of mat surface, and average per cent ger-
mination of ascospores (465 mat samplings in
five condition classes*).
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wounds on mat-producing; trees and on
the inner sides of pieces oif bark from dis-
eased trees while these pieces lie on the
moist forest floor. Perithecia were never
found on such mats.
It was well known before the present
study was undertaken that the injection
of either conidia or ascospores of Kiido-
conidlopliorn f(u/accorum into healthy
oaks would result in diseased trees. How-
ever, it was not realized that the irregu-
larly shaped cells that constitute the
pseudoparenchymatous interiors of myce-
lial pads are capable of rapid germination
and abundant sporulation comparable to
that of conidia and ascospores. Like co-
nidia and ascospores, the pad cells ger-
minate well on plain water agar, but
whether they will germinate and produce
oak wilt symptoms when injected into
healthy oak trees has not been determined.
It has been shown that cultures obtained
from pad cells are pathogenic. Pad cells
do not seem to be adapted for insect trans-
mission, but the possibility of their spread
by squirrels or woodpeckers is not remote.
While woodpecker damage to mycelial
mats has not been observed in Illinois,
damage caused by the feeding of squirrels
is common. The spread of fungus diseases
by these and other unusual agents has been
reported bv Gravatt & Marshall (1917),
Heald & Studhalter (1914), and Talbot
(1952).
The decline of diseased oak trees and
the development and decline of the result-
ing mycelial mats seem to follow a pat-
tern. The brown streaks that are nor-
mally found in diseased trees of the red
oak group first become more pronounced,
usually on one side of the tree ; then they
increase in width and length until a large
area of wood is brown. During this proc-
ess the bark loses its tight grip on the
wood, which begins to emit the charac-
teristic amyl acetate or ripe fruit odor of
the fungus. Now having "room" to grow,
the fungus appears in a macroscopic form,
in most cases in a few days. The time re-
quired for the conditioning process to
occur before mats appear is dependent on
the season of the year. In Illinois the
first wilt symptoms of the year are seen
on trees early in June. Trees wilting at
this time decline rapidly and may produce
mats late in August or in September. The
decline of trees that wilt in the last part
of July or in August is retarded by low
winter temperatures, and these trees may
not produce mats until the following
spring or summer, unless the winter is
unusually mild. Mycelial mats of Endo-
ronidiopliora fagacearuni have not been
reported on trees of the white oak group
in Illinois. The bark on diseased white
oaks is thin and adheres to the wood, even
after the trees have reached an advanced
stage of decline. No ripe fruit odor was
detected in the white oaks studied.
In the period of this studv, more mats
were found during April, May, and June
than in other months. These months were
the ones during which large numbers of
bark beetles (Scolytidae) w^ere boring
hundreds of tiny holes through the bark
and wood of wilt-killed trees. Such per-
forating of the bark m.av have been in-
strumental in bringing about a subcorti-
cal aeration that resulted in a condition
favorable for rapid mat development.
The inducement of mat formation by in-
tentional wounding of trees that were
nearing the mat-producing condition indi-
cated that a supply of air from outside
may hasten mat initiation. When the
wood surface of mat-producing trees was
covered with plastic, the fungus did not
grow, at least to a visible form, on the
wood but grew abundantly on the uncov-
ered inner bark surface and on other areas
of uncovered wood.
Several factors seemed to be influential
in determining the occurrence of mycelial
mats and the longevity of inocula in na-
ture. Weather conditions affected both
the development and decline of the fun-
gus. Mat production on individual trees
seemed to be accelerated following periods
of cool, rainy weather. Macroscopic
growth of the fungus continued over a
longer period of time during the winter
months than during the summer, and ap-
parently low winter temperatures, along
with a minimum of insect activity, in-
creased the longevity of the fungus mats.
That the occurrence of new mats in July
was rare was due probably to high tem-
peratures plus the fact that wilt-killed
trees w-ere, by that time, nearing a state
of deterioration which favored the growth
of various wood-rotting fungi other than
Etidoconidiophora fagacearuni. Observa-
tions have shown that new mats are sel-
dom found during August in Illinois.
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Apparently the freezing of mats during
the winter does not in itself have a marked
deteriorating effect on the fungus in na-
ture. Laboratory tests showed that a tem-
perature of degrees C. favored longevity
of the fungus in both humid and dry at-
mospheres ; a continuous dry atmosphere
was more favorable to the fungus than a
continuous humid atmosphere. In the
field, the fluctuating temperature and
moisture conditions, combined with the
effects of mat-invading microorganisms,
may account in part for the fact that the
germinability of spores collected during
the winter months was lower than that of
spores collected in spring and early sum-
mer. Also, during the winter months,
fewer new mats form than in spring and
early summer, and it was found that
spores from new or immature mats were
more highly viable than those from older
mats. Perithecia occurred most abun-
dantly on aging mats at temperatures of
about 16 degrees C. This was the aver-
age temperature for the five study areas
in May, 1953, the month during which
the greatest number of perithecia occurred.
The data obtained in this study indi-
cate that the greatest inoculum potential
of the oak wilt disease may be expected to
occur in Illinois during April, May, and
June. This indication is made clear by
the following facts : ( 1 ) The greatest
number of mats was found in May and
June, (2) more viable conidia were pres-
ent on mat samples taken in April than in
other months, (3) the average size of
mats that developed was greater in May
and June than in other months, (4) the
largest number of perithecia occurred on
mats in May, (5) ascospores were most
highly viable in April and May, (6) pad
cells from immature mats were most
highly viable and more mats of this class
were found in March, April, and May
than in other months. It is also interest-
ing to note, from the standpoint of possi-
ble transmission, that insect activity was
greatest on mats during April, May, and
June.
Insects, particularly the Nitidulidae, in
addition to being possible disease vectors
and spermatizers of mycelial mats, are
probably the most potent destroyers of
naturally occurring oak wilt inocula. The
feeding of squirrels on mycelial pads ap-
pears to be of minor significance in reduc-
ing the amount of inoculum on trees, but
the possibility of their spreading conidia,
ascospores, or pad cells to healthy trees is
evident.
The perpetuation of the oak wilt dis-
ease seems to be dependent not on the abil-
ity of the fruiting mats of the fungus to
survive long periods of adverse conditions
but rather on the continued existence of
the fungus in an oak wilt area where new
inocula are produced from time to time.
As some trees cease to produce mycelial
mats, other trees, more recently wilted,
continue the process. Thus, an almost con-
stant supply of fresh inoculum is present.
To control the spread of such a disease
beyond root-graft distances, it would
seem necessary either to prevent the mac-
roscopic fruiting of the fungus, particu-
larly during March, April, May, and
June, or to prevent the feeding of insects
and other possible vectors on the mycelial
mats on both standing and felled trees.
The possibility of the extensive spread of
the oak wilt disease from fungus develop-
ment on bark or wood chips on the forest
floor seems negligible and might be elim-
inated altogether by placing the pieces so
that they dry rapidly.
SUMMARY
Need for information that would be
useful in explaining the spread of oak wilt
prompted an intensive study of the avail-
ability of oak wilt inocula. This study
was made in five major wilt areas in Illi-
nois and covered the 10-month period
from October, 1952, through July, 1953.
Results of preliminary laboratory tests
showed that a 2 per cent water agar me-
dium and an incubation temperature of
28 degrees C. for 36 hours were best for
determining the germinability of both
conidia and ascospores of the oak wilt fun-
gus, Endoconidiophora fagacearum.
Good germination was obtained with
cells from the interiors of pads of Endo-
conidiophora fagacearum mycelial mats
that had not started to decline. Mycelial
pad cells were found to have a slightly
lower optimum temperature for germina-
tion than have conidia and ascospores.
Germinated pad cells sporulated abun-
dantly on water agar.
Formation of Endoconidiophora faga-
cearum perithecia on a wheat bran-agar
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medium was favored by temperatures of
16 and of 25 degrees C
Tests in vitro showed that longevity of
conidia of Endoconidiophora fagaceorum
was favored by low temperatures and a
dry atmosphere. Under conditions of high
humidity, conidia on artificially grown
mats remained viable for 102 days at
and at 12 degrees C. Under conditions of
low humidity, conidia on similar mats
were still viable after 250 days at 0, at
12, and at 16 degrees. Conidia on a mat
taken from nature and subjected to dry
storage at 16 degrees were still viable
after 330 days.
Laboratory feeding tests revealed that
insects of the family Nitidulidae were ef-
fective destroyers of mats of the oak wilt
fungus.
The rate at which wilt-infected oaks
declined and the length of time required
for trees to reach a condition favorable
for the development of mycelial mats
were found to be closely related to the
time of incipient wilt.
The influence of monthly temperature
and precipitation on formation of mats of
the oak wilt fungus was suggested by ac-
celerated mat development during April,
May, and June. The average tempera-
tures for May and June were near the
optimum temperature for growth of the
fungus.
The development of macroscopic my-
celial growth of Endoconidiophora faga-
ceorum was readily induced during
March, April, and May simply by mak-
ing cuts through the bark of trees that
were nearing the mat-producing stage.
This experience suggests a strong air re-
lationship in mat formation.
In March and April, padless mats of
the oak wilt fungus formed and grew on
17 of 213 pieces of bark that were taken
from diseased oaks and placed on the for-
est floor. No macroscopic growth formed
on any of 128 wood pieces that were
treated in the same manner.
The time required for fungus mats on
trees to progress from an immature stage
to a deteriorated condition varied accord-
ing to the season in which the mats first
appeared. Mats that first appeared dur-
ing the spring and summer declined rap-
idly as compared with mats that first ap-
peared during the autumn and winter.
Insect activity on mats in nature was
greatest during April, May, and June,
when more species of insects were found
than in other months. Members of the
families Nitidulidae, Staphylinidae, and
Histeridae, and of the order Collembola
were more abundant than others. Among
other agents commonly associated with
mycelial mats were nematodes, mites, bac-
teria, fungi of various kinds, and crusta-
ceans.
A total of 649 typical mycelial mats,
each with a pad in the center, were found
on 31 selected trees, some of the mats in
each month of the 10-month study period.
Spore counts from mat samples indicated
that the highest concentration of conidia
on mats was reached in December, after
which there was a steady decrease during
a period of low winter and spring tem-
peratures until April, when a sharp rise
occurred with the rise in temperature.
After April the number of conidia de-
crea•^ed rapidly until, in July, no conidia
could be found on mats. In the laboratory,
best germination was obtained from conid-
ia that were collected in April and good
germination from those collected in Octo-
ber, November, and March. The highest
average number of conidia was obtained
from mature mats but the highest ger-
mination rate of conidia was obtained
from immature mats.
The significance of mat size, as well
as numbers of mats, in accounting for the
concentration of conidia in an oak wilt
area was demonstrated from sample data.
A mat that measured 24 by 10 cm. was
estimated to contain 1,650,000,000 co-
nidia.
Twenty-three per cent of 393 mats
(which were presumed to be old enough
to have perithecia) contained perithecia.
Mats with perithecia were found in all
months of the study except July, and the
highest average number of perithecia per
mat sample was found on aging mats in
May. The best germination rate was ob-
tained with ascospores collected from ag-
ing mats in April.
Mass transfers of cells from the inte-
rior portions of 423 mycelial pads to po-
tato dextrose agar showed that cells from
immature, mature, and aging mats were
viable ; 82 per cent of the pads from im-
mature mats gave positive cultures.
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